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Abstract 19 
 20 
Introduction 21 
A software-based environment was developed to provide practical training in medical radiation 22 
principles and safety. The Virtual Radiation Laboratory (VRL) application allowed students to conduct 23 
virtual experiments using simulated diagnostic and radiotherapy x-ray generators. The experiments 24 
were designed to teach students about the inverse square law, half value layer and radiation protection 25 
measures and utilised genuine clinical and experimental data.  26 
 27 
Methods 28 
Evaluation of the application was conducted in order to ascertain the impact of the software on 29 
students’ understanding, satisfaction and collaborative learning skills and also to determine potential 30 
further improvements to the software and guidelines for its continued use. Feedback was gathered via 31 
an anonymous online survey consisting of a mixture of Likert-style questions and short answer open 32 
questions. 33 
 34 
Results 35 
Student feedback was highly positive with 80% of students reporting increased understanding of 36 
radiation protection principles. Furthermore 72% enjoyed using the software and 87% of students felt 37 
that the project facilitated collaboration within small groups. The main themes arising in the qualitative 38 
feedback comments related to efficiency and effectiveness of teaching, safety of environment, 39 
collaboration and realism 40 
 41 
Conclusions 42 
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Staff and students both report gains in efficiency and effectiveness associated with the virtual 43 
experiments. In addition students particularly value the visualisation of “invisible” physical principles 44 
and increased opportunity for experimentation and collaborative problem-based learning. Similar 45 
ventures will benefit from adopting an approach that allows for individual experimentation while 46 
visualizing challenging concepts. 47 
 48 
49 
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A Virtual Environment for Medical Radiation Collaborative Learning 50 
 51 
Introduction  52 
As an essential component of their training, Medical Radiation Science students undertake study of 53 
Radiation Safety and Radiation Protection to engender an understanding and respect for radiation 54 
safety. Essential physical principles within this topic include the Inverse Square Law, Half-Value 55 
Thickness and X-ray scatter processes. Traditionally teaching of these principles is augmented with 56 
experimental sessions on real x-ray machines or radioactive sources to reinforce the practical 57 
application of the theory. Unfortunately increasing pressure on resource-intensive radiation facilities 58 
frequently restricts access. Virtual Reality software simulation has been used successfully in a range of 59 
professions to provide a cost-effective and safe learning environment in which students can practice 60 
essential and challenging skills. 1-4 In this work a software-based environment was developed, which is 61 
capable of providing practical training in medical radiation principles and safety. The Virtual Radiation 62 
Laboratory (VRL) application was developed to provide students with the opportunity to conduct virtual 63 
experiments using simulated diagnostic and radiotherapy x-ray generators. The experiments aimed to 64 
provide students with understanding of the radiation safety aspects of their work as well as 65 
opportunities to develop their collaborative working skills and better prepare them for clinical practice. 66 
 67 
Methods 68 
The Quest 3D (Act-3D, B.V) real-time 3D graphics engine was used to create a series of interactive 69 
simulated environments including radiation laboratory benches, kilovoltage imaging room and linear 70 
accelerator bunker as seen in Figures 1 and 2. Calculations for the Inverse Square Law, Half Value 71 
Thickness and Radiation scatter were derived from experimental data and implemented for each 72 
experiment with output from user interaction calculated in real-time. The experiments were designed to 73 
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facilitate collaborative working in small teams using collaborative learning spaces. Piloting with 74 
volunteers from the previous cohort of students informed software development. The main evaluation 75 
phase was conducted after a full cohort of students (n=126) had received teaching using the new 76 
software and sought feedback concerning the perceived value and limitations of the application. The 77 
aims of this evaluation phase were to monitor the impact of the software on students’ understanding, 78 
satisfaction and collaborative learning skills and also to determine potential further improvements to 79 
the software and guidelines for its continued use. Ethical approval for the evaluation was provided by 80 
the University Research Ethics Committee as part of a wider project into Course Improvement. Students 81 
were asked to complete an anonymous online survey consisting of a mixture of 6 Likert-style questions 82 
(seen in Table 1) and 5 short answer open questions seeking thoughts on advantages, disadvantages, 83 
potential improvements, use of the resource and any additional comments. Students were required to 84 
submit the survey as part of the Unit evaluation process, although they were advised that question 85 
completion was voluntary and all questions allowed for a “No Answer” response. Anonymity was 86 
assured by the Virtual Learning Environment survey tool.  87 
 88 
Statistical Analysis 89 
All 126 student responses were collated and independent analysis of the qualitative data was performed 90 
by two researchers to minimise the effect of bias. A mixture of descriptive statistical tools (such as 91 
relative response rates and summary tools) for the Likert responses and simple thematic analysis 92 
(coding and grouping) techniques for the open questions was utilised. Correlation analysis of the 93 
quantitative data was performed using the Pearson Product-Moment Correlation Coefficient. 94 
 95 
 96 
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Results 97 
A total of 126 responses were provided by the student cohort with a question answer rate of 99.3% for 98 
the 6 Likert responses. The 5 open answer questions attracted a lower response rate ranging from 40% 99 
to 55%. Table 1 summarises the results of the Likert questions where 80% of students reported 100 
increased understanding of radiation protection principles, 72% enjoyed using the software and 87% felt 101 
that the project had facilitated collaboration within small groups. There were few disagreements with 102 
the positive Likert stems. Most of the students identified themselves as experienced computer users 103 
with only 6.5% self-assessing as inexperienced. Correlation analysis demonstrated only weak or 104 
negligible correlation between computer experience and enjoyment, ease of use and understanding (all 105 
r <0.25). Only the enjoyment correlation was statistically significant (p = 0.009). Themes arising from the 106 
qualitative analysis of the open answer questions triangulate well with the quantitative data with many 107 
students providing comments about the ease and enjoyment of use, facilitation of understanding and 108 
improved collaboration arising from the application. The main themes arising in the qualitative feedback 109 
comments related to efficiency and effectiveness of teaching, safety of environment, collaboration and 110 
realism as seen in Figures 3 and 4. Further analysis of these themes follows in the Discussion section. In 111 
terms of resource implications, the software enabled large group teaching which reduced the number of 112 
group bookings from 7 to 2. For the 4 hours of practical allocated per student this resulted in a time 113 
saving of 24 hours. 114 
 115 
Discussion 116 
Most of the students identified themselves as experienced with software which is unsurprising for the 117 
modern undergraduate cohort.5  The main themes arising in the qualitative feedback comments related 118 
to efficiency and effectiveness of teaching, safety of the environment, facilitation of collaborative 119 
learning and perceived realism.. Further comments relating to best practice in use of the resource and 120 
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potential improvements to the resource also form the basis for recommendations for future use. 121 
Representative comments supporting the discussion themes are presented in Table 2. 122 
 123 
Efficiency 124 
When students were asked what were the potential benefits arising from the VRL the most commonly 125 
arising responses related to better use of time. Students could perceive the efficient nature of the 126 
software simulation in terms of the University resources and staff time as well as their own time. They 127 
also commented that the format allowed for better access to teaching staff and was likely to be more 128 
cost effective. From an academic perspective, as with other published findings, 2,6 the simulation led to a 129 
more efficient use of resources and personnel arising from reduced contact hours and use of 130 
collaborative learning spaces rather than resource-intensive radiation laboratories. This manifested 131 
itself in a reduced impact on specialist laboratory timetabling. 132 
 133 
Effective teaching 134 
While gains in efficiency are valuable at an institutional level, these are of little value unless there is a 135 
positive impact on teaching and learning. Student feedback was highly positive in relation to the impact 136 
of the VRL on understanding of the topic with 80% of students reporting that the project had increased 137 
their understanding of radiation protection principles. Along with increased understanding, 72% enjoyed 138 
using the software; a finding common to many Virtual Reality applications. 1,7 In addition, however, 139 
qualitative analysis suggested students particularly relished the increased opportunity for easy 140 
experimentation.The visualization of “invisible” physical principles was another significant benefit 141 
perceived by the students and it was clear that this had led to increased understanding in much of the 142 
cohort. Conversely some students felt that the VRL provided a less engaging environment citing the 143 
reduction in “hands-on” time as a contributing factor. There is a real danger that understanding of 144 
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processes is replaced with a series of button clicks and such resources must be used in such a way as to 145 
limit this. It is also important to remember that this conflicting data reinforces the acknowledged variety 146 
in learning styles within modern undergraduate cohorts 8 and suggests that a mixed approach combining 147 
both virtual and real learning environments is most likely to satisfy these diverse needs.  148 
 149 
Collaboration 150 
A key finding from the evaluation was that 87% of students felt that the project facilitated collaboration 151 
within small groups. Although the radiation laboratory format also utilised a group format this was 152 
largely due to resource availability rather than a pedagogical approach. The various group tasks and 153 
requirement for discussion on the experimental findings along with the ability to experiment with 154 
different settings naturally encouraged teamwork and this was echoed in the qualitative comments. For 155 
this cohort of students working towards multi-disciplinary teamwork-orientated professions9 this is a 156 
most encouraging finding. 157 
 158 
Safe environment  159 
There were many comments from students regarding the enhanced facilitation of experimentation with 160 
students enjoying learning from mistakes and trial and error in a manner that would be discouraged in a 161 
radiation laboratory with live sources or expensive equipment. The benefits of the “safe” environment 162 
provided by simulation solutions have long been acknowledged in the literature3,10, although this is 163 
usually related to patient safety. In this paper it was interesting to see how simulation could potentially 164 
improve safety for learners too. Given the focus of the academic unit, it was reassuring to see students 165 
appreciating the potential dangers of radiation in their feedback (although it should be stated that 166 
students are not, in fact, routinely exposed in the radiation laboratory). Despite this, some students did 167 
cite the lack of risk as a potential disadvantage of the application with a reduction in learning about 168 
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working safely with live sources. Clearly a balance must be struck between the learning arising from 169 
potentially dangerous situations and the benefits of an experimental problem-based learning approach.  170 
 171 
Realism 172 
The effectiveness of simulated teaching environments is often linked with the immersion or the sense of 173 
realism engendered. 11 Although this was a relatively low fidelity simulation students appreciated the 174 
simulated clinical environments and several responses cited the realism and close approximation to 175 
clinical practice as benefits of the VRL. There were a large number of students, however, that judged the 176 
simulation to be unrealistic, lacking the element of danger or hands-on practice. There was a clear need 177 
for students to experience the real clinical situation. This echoes findings from other pre-clinical 178 
simulation studies7,12 where the value of simulation in an academic environment lies in better preparing 179 
the students for real life clinical experience. It is recommended that this is emphasised in the 180 
workshop’s introduction session.   181 
 182 
Facilitation 183 
Student feedback strongly suggested that, as with many academic activities, successful learning 184 
depended to a great extent on the attitude of their tutors. While there is little that can be done about 185 
individual approaches to tutoring results from this study suggest that there is value in allowing multiple 186 
tutors to interact with the students in the collaborative learning space where they can each provide 187 
their own insight and experience. Student comments also suggested that introductory material provide 188 
a clearer message about the aims and outcomes of the experiments. Within the experiments 189 
themselves, however, there were mixed messages about the levels of support required with some 190 
students requesting further instruction and others feeling “spoon-fed”. Again this mixture of 191 
expectations reinforces the need for a mixed methods approach to provision of resources. When 192 
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students were asked for suggestions to improve use of the resource there were several comments 193 
requesting additional individual access both on and off campus to the application. This has the potential 194 
to improve self-directed learning and encourage learner autonomy.  195 
 196 
Limitations 197 
There are several limitations associated with this study. As it was a developmental project there were 198 
still some software bugs present during the evaluation phase. These included some issues with time lag, 199 
a requirement for an additional factor to be added and some user interface confusion. Student 200 
comments from the evaluation are currently informing ongoing improvement to the resource as well as 201 
designing introductory and support materials. It is likely, however, that the developmental nature of the 202 
software could have led to perceived problems with realism and ease of use. In terms of the evaluation 203 
it must be acknowledged that in the absence of a control arm the student evaluation is hard to compare 204 
directly with the “real” radiation laboratory experiments. This can be ameliorated to some extent within 205 
this cohort as they all undertook a similar format of experiment in the previous semester. The 206 
anonymous nature of the survey tool and the use of an independent researcher should reduce 207 
interpretation bias but it should be acknowledged that the software development and evaluation was 208 
funded by a University Teaching and Learning Grant aimed at improving the student learning 209 
experience.    210 
 211 
Conclusion 212 
This work has demonstrated the value of software simulation for facilitating experimentation aiming to 213 
enhance understanding of radiation principles. Facilitation using a range of tutors can enhance the 214 
learning and where possible unsupervised access can be provided for students wishing to experiment 215 
further. Staff and students both report gains in efficiency and effectiveness associated with the virtual 216 
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experiments. In addition students particularly value the visualisation of “invisible” physical principles 217 
and increased opportunity for experimentation and collaborative problem-based learning. Similar 218 
ventures will benefit from adopting an approach that allows for individual experimentation while 219 
visualizing challenging concepts.  220 
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Figure Legends 255 
 256 
Figure 1: Screenshot of the Diagnostic Virtual Radiation Environment 257 
Figure 2: Screenshot of the Radiotherapy Virtual Radiation Environment 258 
Figure 3: Advantages of the VRL 259 
Figure 4: Disadvantages of the VRL 260 
